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1.0 Overv1ew

EchO Group (ECHO) a"d TransTech International (Trl) have deVeloped and tested a

new digital packet radio system capable or provld1ng more freQUency efficient and cost
efficient serv1ces than other systems currently offered or proposed. The system 19

targeted at short to medium lenoth (10's to 100's of bytes) data mossages, It Is des1g'led

to handle bursty data efr1c1ently us1ng ! patented protocol. (Bursty data 15 data which
ar1ses InfreQUently but requires a rapid response when it does arise,) Key to the system
are low tnstallatlon. operating and equipment costs for the base stat10ns and low

eQuipment and oPerating costs for the user terminals. Low base station costs allow rap1d

expans10n or service. lnstallaUon of more base stations to Improve frequency reuse In
urban areas, Increased coverage In rural ar&as and reduced charges to users. Low-cost

user term1nals put the service within reach or a number or applications not served by

more expenSive systems such as point of sale fermfnals, del1v!ry serVices, utlllty

monHor1ng, etc, Echo belIeves the system Is capable of supplying data services to the
pUblIC at far lower costs than services offered by other carrIers.

NIne US cellular carriers and IBM recently announced a un1fled approach to data
Services, targeting high data rate, hIgh cost servIces to the user markets dominated by

the largest corporate users. (Mobile Data Report, May ~, 1992) Echo, on the other
hand, has requested the FCC to allocate a set of nat10nwlde frequenCIes to allow

compet1t1ve service offerings bas~d on h1g~ efficiency and low service cost,

2,0 The History of Development or The Echo System

First prototypes or the Echo system were tested on the cellular band in San Otego
under a ltcense Issued to Pac-Tel Cellular. These tests establ1Shed the performance
parameters for radio wave propagat1on in challenQlng terrain and h1gh-dens1ty urban
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population centers. The ab11fty of the data transce1vers to rece1vI and transm1t sfgnals

11'1 mobl1e appl1catlons and In fixed locations was tested. Signals were rel1ably r~eelved

in a wide varfety of buildings and Installatfon iHQS Within bUIldIngs, on the open

1reeways and 11'1 high use "canyons· and shadow areas of h11ls. (See Append1x I) Criteria

were developed to relate measlJ"ed cov9rag~ to projected coverage patterns calculated by

computer programs using LOl"Igley-Rlce propagation models, developed l:ly the Bureau or
Standards, and terrajn data or the US, G~Olog1CaJ Survey. <These techniques wtll allow a

rapid deployment or natlonwlde servlces, providing w1de area coverage with best

placement or base statIons,)

Thls phase also de-monstrated the abH1ty to offer s~rvice within th~ Ctllular

AMPS channel allocations Without Interfering wHh voIce ~erv1e~s. The patented

frequency Clearance technique was developed for Cellular Data Inc. (COl) whICh has

since carried out addjtional f1eld tests with cellular carriers.

Also developed dur1ng this phase was the patented data protocol technique wh1eh

allows a rapId response to blJrsty data orlglnatlng from the user. This technique uses a

single b1t to be transmItted from auser unit Indicating that it IS ready to or1g1nate data

transmIssIon. The technique uses the lowest overhead possible to provide a quick

response to user-or1g1nated traffIC. Coupled with prlortty queuing and fleXible

Incoming and outgoIng data scheduling, the system has the least overhead and h1ghest

channel capacIty attainable. The technique was developed and patented durIng th1s first

phase and later perfected in low-cost base stat10n hardware.

The second phase or development was done In conjunction with Domest1c

Automation Corporation WAC) as a demonstration for Pacific Gas and Electric. Th1s

system, us1ng the publ1C ut111ty band at 928-952 MHz, was demonstrated 1n San Rafael,

Ca11fornla. Abase station was 1Mtalled in a h1J1y area and used to monitor user units

attached to electric power eQu1pment. User units were bullt and 1nstal1ed at power

distrIbutIon transrormers, customer-premIse power panels and home power meters,

Three base stations were bunt for DAC and thIrty-two radlo un1ts. An extra base

station and el<tra user units were developed ror Echo for testIng and demonstrations at
...

the TTl facilities In Mountain View, callfom1a.

... Testing conducted pursuant to Experimental Pile No. 1375-EX-PL-90.



The San Rafael tests confirmed base statIon coverage patterns, providing coverage

In clear areas up to f1ve miles from the base sIte. (See Appendix II)

ThIs phase also col"lf1rmed the englMering design of the user radIos and the base

stations. The prototype radIos used mas! producUon design procedures to allow low-cost

manufacture on surfact mount deVice (SMD) production Hnes. Automatic product1on

line testing and minImum tuning for fInal operatlon keep radio cost well belOW sImilar

products on the market U6S IS the projected user radIo cost).

The base statIon design emphasIzed very low eDst, lase of InstallatIon and

reductlor'l or "vIsual pollution" to allow acceptable Installations in the c1tltS. Equipment
cost for the base station Is about $5,000, less than one-tel')th the cost of compar&bl.

facilities. The base station resIdes In a 2-1)2' by 1-1/2' utl11ty cabinet that can be

mounted outdoors Mar the slogle 'broomstIck" ant&nna It connects to, The "control

center" 1s any IBM compat1ole p.e, that can bo mounted up to 300 teet away from the

antenna and connected by standard telephone WirIng. The base station connects to leased

ltne modems and/or to a packet network, dependIng on the appl1ctl~lon. Th1s technique

mlnfmfzes central facfl1ties costs (fneludlng site rentals), allowIng rapla e)(panslon of

services.

Since apply1ng for a Pioneers Prertrenc&, Echo has demonstrated Its system to

cellular carr1ers and potential users, We have refined the technfQues and approaCheS

Echo plans to use In the rreQuency allocations we hope w111 be awarded by the FCC.

The recent decls10n by nlne US cellular carrlers and IBM to orrer only a h1gher­

cost, n1gher data rate (up to 19.2 kb/see) system Incroa'EI$ the importance of granting a

nat10nwlde fl"'@quency allocat1on to allow a competlng service to be offered to ueers more
1nterestfH11n an efficient low-cost, lower data rate (2.4 to 9.6 kb/sec:) system. To

11lustrate the potential of low cost, Section 4.0 outllnes posSible service offerings based

on the Echo system,

3.0 Techn1cal Summlry

The Echo technology 5lmp11rles both base station and user raC110 aeslgn for low

servIce cost and effIcIent use of the spectrum.



:3,1 Modulat1on

Transm1tter and receiver use m1nlmum shIft keyIng (MSK) to transmit 2,4

kb/sec data streams on 5 kHz spacing, The spectrum allocatton Is shown In FIgure t

overlay1ng a standard 30 kHz allocation. The spectrum Is shown 1n Figure 2 contrasting
wHh a typical AMPS cellular data channel. In each SO kHz allocatIon requested In the

MDAS f111ng, ten channels would be used; nve outbound from base station to user units,

five Inbound rrom user units to base statIon.

The total freQuency utilization is thus 24 kb/sec In a SO kHz allocatIon, tYPical
01 erflc1ent moblle radio systems when guard bands are accounted for, Rather than usIng

one h1gh data rate channel1n the set"Vic9. ten are ut~d 1n order to have freQuency-reuse

W1thln urban areas, to aggregate dlrferent user groups on different carriers to lmprove

effiel ency and to keep the user radIos 1nexpel'ls1ve by mln1m lz1ng power reQuked and
spelKl of processIng.

3,2 Frequency Reus.

The freQuency reuse strategies art sfmllar to those avaflable to the mobile radio
and cellular Industries, Initially the systems w111 belnstalled with antennas on tall

bul1dlngs In order to achleve a typical coverage range of three to four mfles. About

twenty base stat10ns wlll cover a typical urban aroa, The ability to reuse the same

channel1n a distant cell depends on the appl1catlon. For mobile users with omni­

dIrectional antennas, frequenc1es could be reused every 'lve to seven cells, (ThIs 1s

better than normal cellular freQuency plannll"tg because of the rugged error tolerance or

the data system). For r1xed appl1catlons, where In'tallatfon of the fi!ldlO avoids oatj

fad1ng and 11"1 some cases even uses directIonal antennas, the rad1atlon to distant base

statIons Is reduced, For these applicatIons a freQuency can be reused every three cells

with acceptaDle performance.

The allocated capacity 1s then reused three to rour times for mobile users, and UP
to seven tImes for fixed appltcatlons,



The second phase of the proposed MDRS serv1ce w111 reduce base station antenna

he1ghts ·11'1 crow ded areas, reduc1ng coverage and Increasing reuse w1th1n the gtven urbar'l

area. This can be dOM untll a eoverage area or about 1-1/2 m11es In radiUS 1$ achieved;

below that size Irregular paths between bufldlng and mu1tjpath reflections cause cells to

overlap and prevent further diVisions. Typically a threefold Increase In capacity can be

achieved by reducing coverage areas. Such Improved capacity Is planned for expanded

MDRS service.

In the caleulatlo!i of service capacity (Section 4.0) a freQuency reuse of five
tImes Is felt to be typIcal (or Phase I systems in which tal1er antenna heights are used In

order to rapidly obta1n full area coverage. In Phase II a freQuency reuse of fifteen times

i$ expected to be achieved by lowering heights or antennas, sectoring (us1ng dIrectional

antennas to cover smaller areas) and addlng more stations. This heavy reuse factor Is

aSSisted by the tolerance to Interrerence or the data check and repeat reQuest techniQue.

3.3 Dati Management

£cho and TTl have developed and patented a unique data management hel'lnlQue

adapted to the wireless data environment. It ach1eves a ninety percent f111 factor. Is

v1rtually error free and adjusts automatIcally to avariety of different appl1catlortS. The

protocol 1$ transparent to other computer Industry protoco15, translating If neceSS'lr)/ to
the user's protocol when the data passes to the user equipment or 15 passed into the land­

side network,

The data managemet"lt hardware 1s ll1ustrat&d 11'1 FIgure 3. OutgoIng data (DT's)

requests for lncom1ng data CDR'S) al'ld requests for user unit status (SR) art loaded In

pr1or1ty Queues. Ttle queue routine creates a series or packet tral'lSm1sslons from these

serIes of data flow requ1r~m.nts aecordlr"lg to the defined pr1orlty. Because the outgo1t'\9

data stream 1s managed by the sIngle processor, there Is no Inerrtclency; tIme slots are

allocated dynamically according to data prIority.

All incoming data is also fully managed by the single processor. Data Request and

Status Reauest commands order the user unIts to transmit In designated time allocations

In the Incoming data stream. Thus the Incoming data stream1s also allocated dynamIcally

accordi ng to pr10rl ty.



The errlclency Is further 1I1ustrated by the data word formats, Figure 4. Data

transmlss10n COT> 1$ packet addressed to each user, specified by unique 8ddress and

major class or "type". Data is transmitted variable in length !pec1fied on each
transm1sslon and conta1nlng a simple block code error cheCk. This command does not

requIre auser unit response on the Incoming channel. It is used In c1rcumstances where

a later transmission w1l1 check the reception.

The status reQuest command is broadcast to all user units. It causes them to

transm1t one b1t only. It 1s transmItted at a time designated by the "deley" field and by

each user unit's lndlvlClualindex number, The result 1s an 1ncom lng b1t stream or one

bIt from each user Indlcat1ng Whether It requires a data transmlssjon (I) or not (0),

The Data ReQuest Is a two-way tra'lsm1ss1on with a short packet to the user and a
command to transmIt a specified "length" of data bllck at a defined time "de1ay",

The Incoming data path is fully der1ned by the bage stat10n Queue routine. It 1;

loaded according to the data reQuest priorities and status request priorIties to capacity

withOut blockage.

Since the Queue routine fully defines the Incoml1'\9 data stream dynam1CI!llly, It

can easlly process the data fle)(lbly, A "trame mask" 1s transferred to the receiving

routine ,telling 1t what every byte 1n the Incoming data stream means, Thls1s used to

1nterpret the data and route It to the correct user output file,

Note that the base station hardware is byte synchronous on transmit and receive,
A Slmtlar synchronous system 11'\ the user radlo~ (lQcklng to the base statIon

transmIssion) makes a synchronous time slot system In the cell, ellm1natlng the need
for synchronizIng overheCld on the return path.

The time slot 21s51gnments and frame mask also ellmlnat, the need 'or user ID. or

addresstng on the return llnk. again reducIng overhead.

Figure S 111ustrates the one bit Status Request command. This 1s a hardware

solution to the problem or random origination or data traffic from the user units, The

"bursty trarf1c" problem normally reqUires multi-byte inQuirIes and responses from

the base station, regUlar ass1gnment of data slots that are 1nfreQuently used, or "random



acc&ss· transmlss10nS In whiCh a user wanting service merely transmits hoplng to f1nd a

clear space. For short message bursty trarflc. other systems normally run at twenty
percent to thIrty percent of the channel capacity.

The status request (SR) command solves the problem by transmItting a broadcast

reQue9t to all user units 10 the cell. If the users have data to transmit they ~end one b1t
set to "1"; if not they transmit OM bit set to "0", Each user transmits on e different bit
delay measured from the tlm@ or SR command reception. The result 1~ I!t ,trlng of 1'$ and
0'5 representing lncomlng data nuds. This string Is analyzed by the base ~t"t1on

firmware and a serIes or data requests (DR's) is generated to bring In the data. The

hardware to generate the one-bit pUlse and demodulation then 1s key to the techn1Que,

F1gure 5 shows the discrete pulse as received at the base stat1on. The two vertlcal bars
show where one b1t has been transmUted. The top curve shows the power rece1ved. The

bOttom curve Shows abOut f1ve consecutive traces where the alternate" 1" l!W"ld "0" traces

are well separated where the bit is transmHted but random where only 1"101se Is

Incom1ng. The one bit transmissIon has a controlled r1se and rail ttme to regIster a clean
detected signal while malntalning good spectral use.

The normal use of the status request allows tho data at the user un1t$ to be
detected every several seconds usIng about ten PQfcent or the tneoming data chemnel, The
desired latency tIme and percent overhead depends on the application. Normally the
repetition rate 01 the status request w11l be var1ed accord1ng to the needs of users,

The 1nstructtol'\ set Is equIpped wfth two status request commands to allow e "log­
on" feature for lnrreQuently used termInals. Once every half minute or $0 thfs log-on
status request is sent. User units not already on the primary (SRa) 1ndex l1st. respond

to the log-on (SRb) request. The basestatfon then, through a DR command, logs them on
to tl"1e primary (SRa) Hst. Thls allow9 the SRa list to be kept shorter when large

numbers of users need to be act1Vated only Intermittently or are normally serv1ced by
other cells.

The data flow Is summarized In Figure 6. Normally about 25 to 100 bytes 1$ the
length of message sent In the DT or DR commal"ld. For most applfcatfons this represents

the complete transactIon. A eredft chQcl< at a point of sale terminal, verlffcat10n of

delivery or a package delfvery trUCk, dl$patch Information for tax1s, burglar alarm

status, E-mall messages, equipment status ln a power grId, 1nventory InformatIon for a



traveling sales representat1ve, etc. fall within the 200 byte message length. For longer

messages the software In the base station and user un1t controllers dl\11de the packets

Into Shorter commands, verUy1ng each ~ubpack.t's successful transm iss10n b~fore

sending the next. For d1vlded me$s~ges from the user unit to the base stat1on, the

transmitter status byte In the DFi response packet 19 used to tnd1cate to the base stat10n

that the user unit buffer has more data to send

Under normal loading condltfons, queue lengths less than ten messages,

throughput 1n the HDRS system ls under three seconds. This a1tows normal packet
network protocols to operate w1thout special timing.

3.4 Error Correctfon

The system uses a check sum to determine whether the s1gnals are rtcefved

correctly. The user un1ts rece1ve thIs and then respond to the DR command on the

Indicated time slot in th& return channel. The error Check in the return channel Is

tested In the base statton. If the base statton does !'lot receive avalid response to Its DR

command, wh1ch could result from an error 1n either path, the DR command "
recirculated to the outgoing command Queue. Anumber or retrIes wll1 be made depending

on the user reQuIrement; continUed misses are logg&d 1nto mafntGl'lance routfnes and "no

answer" messaQ€s are reported to the user. This automatic retransm lss10n reQuest

(ARQ) 1s the most effective way to provide error free data transmlss10n (the error rate

Is actuany about 10- 14 depending on the length of the data f1eld). Use or forward error

correct1on (FEe) IS 1mpractlcal In the mobile radio environment, where errors
typically occur In bursts taking out blotl<.s of bits and making the FEe algorithms fall.

The ARQ techn1que 1n most cases tClkes one or two percent overhead and occasIonally

reQuires a second transmission (about one to five percent or the time),

The DT command does not dIrectly use an Qrror correctIon check, Th1s 1s

avaIlable ror systems that would process the data received beror. a eonfjrmat1of'l1s

expected. In these apPl1cat1ons e1ther the user unit w111 or1g1nate aresponse through the

SR command or the sender wl11 follow the OT reQuest wlth a DR command to conf1rm
reception,



The SR commaMs. which result In 8 single bit response ftorn eac:h user unit, are

sent every few seconds, An error In receiving or a weak transmission back to the base

station w111 be detected as a low power response at the base station, not an Incorrect "I"

or "0". The base station detector hardware measures 51gnal strength and frequency of
the transmitted bit; both are reported to the data firmware. It successive responses to

the SR commands show no response, the user unH Is reported to the malntenanc!

software. Thfs feature allows the system to prov1de acont1nuous status record on e2lch

user ut'llt if requested to do so.

The data to and from the base station from the land side 15 carried by standard

nationwide pack.et network facll1t1es and/or by private networks of major users. ThIs is
described more fully below.

J.S Base Station Hardware

An lmportat'lt feature of the base station ts Its low cost a~d small size. It has

three components: an antenna. an outdoor radiO base unit and an indoor p.e. processor.

EQuipment cost ror the base station with redut'ldancy 18 about $5.000.

The antenna Is selected to cover the desired geographiC area, e1ther a broomstick

antenna for equal gain in all dlrectlons or one or more Vagi antennas for sectored area

covera~e, The antennas are slightly smaller than those used 1n the cellUlar band because

or the hIgher frequency proposed for the MDRS system.

The outdoor radio un1t IS housed 11'1 a w~atherproof container about 2-112' )( 2­

, 12' )( 3/4', It 19 mounted under the eaves Mar the antenna and connects to a nearby

electriC power outlet. The unit Is smaller than many general utility boxes, The antennas

also are lnCOMplcuous and can be designed and painted to blend with the bul1dlng decor.
Visual acceptance Is lmport3nt In obtaining site locations In urban areas. The outdoor

unit, Hs biock dIagrams and speclf1cat1ons are summarized 11"1 Ffgures 6.9. 10 and 11.

The outdoor unit 1$ connected by three twisted pair connections and spare ground

wires to the Indoor unit. The llnes are driven differentially and terminated w1th line

impedance', to allow transmissIon or data rellably up to 300 feet. Normal 24 gauge



telephOne wiring can be used to locate the Indoor unIt anywhere convenient within the

bul1dlng.

The base station Indoor unit Is a desk top computer and can be locat~d anywhere

where access and space can be obtained at low co~t. It Is operated unmenned, The
computer dlsp lay 1s normally used only for maintenance vls1ts, The indoor unit consIsts
of a Single IBM compatible P.C. insert card that can be plugged Into the card slot In the

computer (slm11ar to standard modem cards). Each card handles the data flow Tor OM

2,400 b/sec channel. Three cards can be placed Into one P.t" The data handling at the

level above the firmware descrJbed above t! developed 1n Clanguage uS1ng convenient

commU"'llcat Ions sottw are. The rtrmware handling the radio protocolS are all done on the

processor 1n the plugMln card.

Management and b1l11ng Information 1$ extracted by the p,e. software and

transmttted Independently 1nto the packet network, addressed to the MORS bll11ng center

and to the MDRS maIntenance center in each major cHy. For larger users, location,

statu! 21M usage Information can be reported separately to other facl11tles anywhere in

the natIon through the packet network.

The base statIon for gel'leral purpose applications w11l deposit the messages Into a

general purpose packet-sw1tch network usfng amodem card and X,25 protocolS, The P.e.

software generates the routtng signals to move mobiles from one cell to another Within

the X.25 addressing schemes. For large users !pec1al sortware and separate mOClems w11l

be added to route the data dIrectly to the1r own prIvate networkS or to message centers 1n

cItIes.

ThIs flexlbll1ty allows the MORS system to route messages cost erfectlvely Into

the w1red network or Into spec1211 customer networks, saving the user extra land ,lde

charges,

J,6 user Rld10 Unite

The ma1n goal of the radio user unIt desIgn 1s to keep the cost low so that aw1der
range of appllcatlons can be served FIgure I J Is a drawing of the radIoS used in the field
tests with PG&E, They are 4' x 6" )( 1·1/4", They contaln two cards, a radiO card and a



d1g1tal card and are designed to use an external battery and II 'mall (approxImately 3")

stub antenna. This partlculer p;ac:kage was desIgned to mount In and control electric

power equ1pment. About one-third of the dIgItal card (F1gure 14) and one-halt or the

radlo's digital processor are spec1flc to the user's appl1catlon. In the PGStE application a

general purpose protocol is programmed into the unft to converse with computers In the

eltctric power control processor.

The entire radio. includIng the user speeific hardware, has a manufactured cost

In medium volume of S85, IncludIng SMD product1on line automatIc testIng and final
tuning of three radIo components. The advanced design of the radio section, transferrIng
more respons1blli ty For performance to special logic cIrcuits, greatly reduces product

cost. The propr1etary gate array loglc and simple firmware in the processor provIdes

digital frequency lOCking and temperature compensation. amplItude adjUstment, MSK

demodUlatIon, mOdulation error correct1on, bit edge detection and lock1ng, rrame
synchronization, byte-to-S-blt conversion, single bit shape forming, CIQck off set

adjust (to cornpel"lSate for transmission delay between bas~ and user unit), bit-check.

coding and decoding and several other "hOuse k.eeplng" functtons. These replace many
tOUChy analog circuits by a logiC gate and a simple processor costlng less than $7.

The rugged packaging for the power ut1l1ty Industry will also be used (or many
other data services. Figure 15 shows a delIvery van radio packaging concept developed
for one potential user. The external case has bun modified to include seven funct10n

Keys and two ind1cator 11ghts to be programmed for the user's employee procedures. A

holder and bottom connector is added to Interface with a pocket computer. The del1very

service employee enters 1nformation Into the pock.et computer whlle vls1tlng the

customer and then replaces the computer 1n the holder. Informat1on is read out and 1s

ready automatlcally tor transmIssion through the radio to the network. The antenna can
be connected to a printed circuit loop on the roof or in most areas a stub antenna on the

rad10 1tself IS perfectly adequate. A general purpose RS232 port has been kept for

future equIpment if necessary.

The system shown In Figure 15 still has a product cost or $90, (no Circuitry nas
been added over the basic radio>. Th~ available digital capacity in the radio has been
customized to an application category. The appl1eat1on l11ustrates Just one of about seven
packagIng alternatIves Echo plans to offer With Its MDRS system. Asimpler delIvery

servIce option w111 use the e)(lstlng on/orr lights, elimInate the general purpose ~S232



port, add a short alphanumeric: display and light-pen bar-code reader. B~r-codes

pr'nted on the radIo contain common responses and Dar-cod~9 on ttle del1very papers
contaIn the management information requIred to be transmItted to the traCk.1ng centers.

Simple packag1ng interfaces wftl be developed for point-of-sale terminal"

securltv monItoring eQuIpment, car alarms, E-mall "mal1 bo>ces·, area monitorlr'1g
networks (slmllar to the PG&E system) Tor wator and gas grids, all" quality monitors,

etc. Many apPl1cat1ons can use the current basIc design with the battery connectIon and
RS2J2 port, Others wtll benerlt by programmIng the available capacity or the radio's

processor to run the external sensor such as a 11ght pen, LCD display or cred1t card
reader.

W1th1n eIghteen months, a smaller packagIng version Is planned for laptop

computers ana two-way pagers. The radio's area wi nbe shrunk using a TTl proprietary
swItChed capacItor receIver already developed and tested. HaH the area of the dlgHal
board w111 be elIminated for the pagIng and computer messaging runctlons. TTl has also
developed a proprietary antenna deSign 'ntegratlng the antenna Into components aval1able

on a111aptop and notebook computers.

While Echo reels cersonal communications devices (pocket rad1os) represent an
Important and grow1na marKet, It also r~cognI2e$ that there is a very large market for
the more rugged vehIcle radios, t>uslness machtnes and eQuIpment monl tors. The cease

stations are designed to handle tile full range of user devfces,

4.0 Possibl. Service Offer1ngs

The MDRS system has the flexIbility to comblne II wIde range or services wfthfn

the same base stat10n chanJ'lels. Messages are addressed to indtv1<llal units With varIable

data length to SUIt the appHcatiol'ls, The use of status checks (SR) can be varied
according to user category. The use of fully acknowledged (DR) commands or one way

(Dr> commands can be varfed as needed to suH the appllcat1on. For general applications

the base station processor connects to the ger'leral X.25 packet network using normal
router "roam1ng" features when a unit moves out of one coverage pattern into another.
For speclal1arlJe user applIcations, a leased line to the base stat10n rrom a central
fac1lity or a private network deliver the data to the users' network most efficiently.



Each base station controller can route the data for UP to three 2.4 I<lse(: data channels to

the packet network or to several prfvate networks, The queu1n9 system proce!S1ng the

three prIority levels or OR and DT commands and status commands ensure that the mix or
serVice runs w1th minimum QueuIng delay and no blockage even though the trafflc 1$

ml}<ed.

To estimate the service capacity of the MDRS system, we can use a typical
MetrODolltW'l StatIstIcal Area (MSA) and thin eompare the capacity or the MDRS thannels
With the requirements or sevlllral typical 3!)pI1catlons. The typical MSA Is assumed to be

about the size or the San FrancIsco Bay Area or the Los Angeles Basin - about twenty base

staUons would cover the area. Five channels would be used In each dtrect1on, one channel
to a base statlor'l. With a rtve-cell reuse pattern typIcally. The area would then support

about twenty channels or 2,4 kb/sec data outgoIng and lncom1ng,

The MD~S system, because of Its low cost base stations, Is able to add addlt10nal

base stations eas1ly as traff1c grows. The capacity w111 be Increased through cell

d1Vislon as tra1r1c warrants. This wll1 Increase the MSA capacity by up to three tImes.

sixty cMMels 01 2.4l<b/sec data outgoIng and Incoming.

The capacity of systems var1es with the message serv1ce provided. Because the

MDRS system adjusts Its data formats to match the service needs, each servIce w111 have

a dHferent number of users that can be accommodated. Below a ,·typical" characteristic

of a user group w111 be assumed and anumber of users calculated assuming oM-COurth to

oae-elghth of the MDRS capacIty 1s allocated to that application. Other assumed

characterlstlcs can be SUbstItuted for the ones stated to rInd other serv1ce
characterls t1CS.

4.1 Delivery ServIce VerJfJclt10n

Atruck drIver dellvers aparcel to a customer and enters th. transactlon Into the

radio through 11l bar-code read pen. The radIo reports the stored message 100 bytes long
back to the base station, A servIce request every mlnut. Is adequate sInce the stored

message 1s automatlcally held unt11 tM DR reQutst Is received. One truck delivers 100

packages 21 day througn ttle elght-()our busfness day. How many trUCkS N can be served

wIth one-fourth or the day-t1me capaclty?



lOe bytes are transmitted each transact Ion. Each truck. generates 100 messages

In the eight-hour day. In eight hours 66,400 bits are generated per truck.

In the fIrst phase, the MSA would have twenty 2.4 kb/sec channels covering the

urban area, At eighty percent efficiency, Including InqUiry (SR) commands at low

loadIng to avoId delay, the number of trucks served In theMSA 1s equal to:

1/4 (capacity> )( 20 (cells) x 2,400 (data rate> )( .eo (efficIency) )( e (hours) x

3.600 (sec/hr) • N (trucks) )( 66,400 (bits/day)

N II J,2QQ trUcks'

Dellyery CaorjrmatlQD$ • 320,000 per e1wt-hpyr day

The status InQUIry 15 sent every sixty seconds to one-tenth of the trucks In each

cell (nOmInally the number would be one-twentieth but transitIon between cells and
dIstributIon would Increast the number). The response to each SR inquiry would be 320

bIts long 01'\ the incoming channel. Transmitted each minute, thiS would amount to 0,2'l:

of the Incoming data stream. It IS 1ncluded In the twenty percent overhead assumptlon,

The outgoing channe11s loaded less thM one-tenth as much as the incoming channel. Each

DR command uses ebytes outgolng to bring ln 108 bytes or message,

4,2 Dispatch Service

A dIspatch service sends 100 byte messeges to vehicles, 1.e.• taxiS, aM traclt:s

them by USing SR to locate the cells they are lh every ten seconds. A 300 byte message

(about two llnes or type) 15 sent to them every ten minutes during the eIght-hOur day,

rorty-elght messages each 1,600 bIts long; each taxl receIves 76,800 b1ts aday.

One quarter or the MRDS system In the urban area would supply thts service to N

ta)(ls:



1/4 x 20 x 21400)( ,60 )( 8)( 3.600 • N X 76,800

N .. :3 600 Taxis

Q1sQatcb MesSAges • 172,800 pec elght-hoyr da)t.

One-tenth of these ti!ll<ls would be logged into each cell mak.lng 360 bits In

response to the SR command eveory ten seconds. ThIS Is 1.5~ or the return channel. ThIS

1s 1ncluded 1n the overhead assumed to be twenty percent. The SR command transm1sslon

Is les, than, 1511 or the outgoIng channel.

Note that dispatch servlc&s are a load pr11T1arity to the outgoing cheMe1

(messages to the tax's) While delIvery s&rv!C&S send messages back to the land l1ne ~1de,

Whl1e the above assumptIons assume one-fourth of the capacity for each serv1ce. In

actualIty both services would use the same two-way channel; one using prlmarlly

outgOing. the other primarily Il'lcomlng,

4.3 Po1nt-or-Sale Term1nels

Point or sale terminals transmit about 100 bytes and receive confirmation

Information typIcally about 50 bytes. They need to respond 1n about four seconds to be

slgn1r1cantly faster than today's point of sale termInals connectet1 to dIaled phone lines.

Assum1ng each terminal orIginates a transactIon every ten mInutes during an

eIght-hour busIness Cfay. the number or termtnals 11"1 the MSA that would use one­

quarter of the incom11'lg data channel 1s:

N • 7 700 poInt pf sale terminals

CredU Checks. 345,600 per eight-hour day

The po1nt or sale termInals are fixed-location applications so tht SR requests are

diVided evenly among the twenty cells. The SR functions every rour seconds. using less

than four percent of the 1ncomlng channel. Total use or the out9o~ng channel is about

one-half of the lncom1ng channel.



4.4 8urQlar Alarm MonUortng

A base station sends an SR command to the atarm monitoring system every rive

seconds, OccasloMlly, tY\:llCally ol'\ce every hour or when a b~Elk-ln occurs, a system

message or tw&nty bytes 1s retrieved. In this appHcatlon the one·blt mon1toring

responses to the SR command w11l set the limit to system capacHy.

Qoe-"ghtb or the system capac1ty tn the MS,., w1l1 amolJ'lt to;

, IS )( 20 x2,<400 x.eo x 10 seconds • N

eyrglar Alarms Mooltored .. 48 000

Check pC statys every 1Q sec

Messv when neeQesJ

4,5 Acknowledgment Pagtng Serv1c.

One appl1catton or importance Is paging, in which aphone number and/or 51mple

Illstruct10ns are sent to a pocket pager, The transmlss10n 1s acknowledged by the

response on the DR command, The pagll'\g message 1s typic;al1y twenty bytes (160 b1ts)

long, the acknowledgment message is about eight bytes. It 15 elssumed that the average
pager w111 receive four such messages per eight-hour day, f.e., 640 bits, To use one­

eighth of the capacHy ln the urban area (MSA) w111 serve Npagel's:

1/8 x20 )( 2,400 )( .80 x6 x 3,600 • Nx640

N. 216 OQO pagers

Qages Seot • B64,QQQ per e1gbt-hQuc day
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Aga1n the SR command wl11 be used every ten m1nutes to keop II runnIng table Of

wh1Ch pager 18 In which cell. Each cell wm then generate about onr-tenth ot tne pagers'
one"'b1t response, 21,600 bIts or response to the SR transm1sslon, every (Ive mInutes.
Th1S amounts to about 2,5'1 or the 1neomlng capacHy, The response to the pagIng

transm1ss1on itself occupIes abOut f1ve percent 0' each Incoming channel.

The outgofng channel capacity (1/8 or f 2.511) fs nearly balanced by the shorter

response message and tt-e SR resDonse used to keep track or the pager's ce111ocat1on.

4.6 El.ctron1C Mltl

AlphanlJmerlc pag1ng is not 1ncluded above, It fHs more generally 1oto the
category of E-mail. An E-mal1 message is transmitted to apocket or notebook computer

ror later retrIeval and d1sDlay. Atypfcal "letter" 15 assumed to be about ten pages 1009,
about 1,000 bytes If coded In ASCI, Most "letters' would be outgoIng to the user unlt5.

Perhaps haIr as mar\Y mes!ag~s would be IncomIng, Each [-man box recetvos ftve

letters per sIxteen hour day, or 40,000 b1ts, 1( one·.lghth of the capacIty were

allocated to the E-mail servIce. The number of E-mail boxes Nwould be:

li8 x 20 l( 2,400)( .80)( 16 ~ 3,600· N x 040,000

N.,- § 912 E-mail bgxJS

10-]1oe llttirs • l4,SSQ pec 16-botJC dill

The E-mail boxes would be tracked like the pagers, uSIng a small 'ractfon or the

1ncomlng channel capacity,

Tnt table on the follOWing page summar1zes the ServICes that could be carried by

the 5-Ch2lnntl system In the twenty cell MSA. *

. t ded to be restrictive
* sections 4.1 - 4.5 are illustrative and :o~~nse:t_ is designed, such

of the .ide variety of service~ ior~~ servi~s, lledical and environ­
as eaerqency radio loc:ation an i ra for the handicapped, and facility

t I eaeW"ftency serv1ces, serv ces . . iJDen a -':J It. I heatinq or air cond1t1on nq
monitorinq services (~, e ec r1ca ,
systeas) •



Number of Capactty
Serv1ce Number of Users Messages Per Day In Out

Del1very :l.200 Truck.s 320,000 Confirms 1/4

D1spatch 3.600 T2I)(1s 172,800 01 spatches 1/4

Point-or-Sale 7,200 TermInals 345,600 CredIt Checks 1/4 1)8

Burglar Alarm 46,000 Alarms 5 Second Checks lIB

Pagers 216,000 Pagers 864,000 Pages , IB 1/16

E-Maf1 6,912 Boxes 3-4,560 Letters 1/15 1/8

IAoDroximate Total: 811&+ 5S~'"

Fractions or total capacity have been assumed to tllustrate that the service does

comb1nes multiple users on a two-way serv1ce. AdjustIng data flow automatically
accordll'1g to the priorIty of service.

ThIs table 1s ror the Phase I system, I.e" twenty cells covering the MetropolItan
Stat1stical Area CMSA). In Phase 11 subCllv1dlng the cells wl1l result In approx1mately a
threefold increase fn system capaCity.

The capacHy ts far more than other systems us1ng 25,000 Hz allocations, The

advantage comes from the cellUlar reuse strategfes, the ellm1natlon of burdensome

protocol overheads for transmIssIon of data through radio med1ums and strategic use or
the one-bIt SR command to generate a servfce response tIme adjusted to the type or
servIce.

Ashort comment can be made on the potential cost for the message serv1ce

prov1ded. ThIS only sets limits In order to tllustrate that the service can be v1able 1n

tocray's competitIve markets, The cheCK m&rely assumes that the capital Investment 1n

the Phase I MSA can be recovered In two years It a per-message prIce or SO.002 Is

Charged (or the expected trame, The system capacltv Is about 1.8 mOHon messages per

day. With 250 workIng days per year, the annual capacIty wlll be 450 m1l11on messages
per year,

If the rtrst two years runs at one-fourth or this capacIty, the 11westment would
have to be recoveret11rom Charges on 225 million messages,



The capftal investment Is approximately $400,000 11'1 the MSA. This Includes

$20,000 p&r station eOI'l$ervaUve1y to account for space rtntal1nstallatl01\ and service

costs over the two year period.

With these two slmpl1r1ed assumptions, the ~er mes,age cost for break even
would be less than 0.2 cents per mossago. This Is tar below the current rates. It

illustrates both the v1ablllty or the service economically and the importance to the

pubHe for the FCC to approve the pet1tlon and let Echo brfng thfs competftlve system to

market.

5.0 ConclU51onS

The EChO proposal represents adramatic advance fn racllo technology services,

br1ng1ng technolog1es developed by an experlenced ploneerfng englneer 1n the industry.

Continued developments In the technology continues at Stanford's Center for
Telecommunlcatfons. The author w11l draw from the contfnu1ng advances to br1ng

1mprovements to the service.

Respect1Vely Submitted;

1J~~r-~
Bruce Lus1gnan

Cha1rman,

TransTech International

D1rector,
Communications Satellite

PlannIng Center,

5tanrord Un1verlsHy



The cap1ta11nvestment 1s approx1mately $400,000 1n the MSA. Th1s 1ncludes

$20,000 per stat10n conservat1vely to account for space renta~ 1nstallat1on, and serv1ce

costs over the two year per1od.

With these two slmpl1fied assumptions, the per message cost for break even

would be less than 0.2 cents per message. This 1s far below the current rates. It

lIIustrates both the viabll1ty of the service economically and the 1mportance to the

publ1c for the FCC to approve the pet1tion and let Echo bring this compet1tlve system to

market.

5.0 Conclusions

The Echo proposal represents a dramatic advance 1n radio technology serv1ces,

bringing technologies developed by an experienced p10neering engineer in the industry.

Cont1nued developments in the technology continues at Stanford's Center for

Telecommunications. The author w111 draw from the continuing advances to bring

improvements to the serv1ce.

Respect1vely SUbm1tted;

Bruce Lusignan

Chairman,

TransTech International

Director,

Communications Satellite

Planning Center,

Stanford University
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Figure 3

Base Station Management ofOutgoing and Incoming Data
Flow .
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